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CMOS Time-of-Flight Range Image Sensors

Shoji KAWAHITO

This article describes CMOS time-offlight (TOF) range image sensors and their pixel devices, so-called
lock-in pixels. The CMOS-TOF range image sensors are categorized into two types; direct and indirect
TOF measurement types. The direct TOF measurement uses a direct measurement of photon arrival
timing using a single photon avalanche diode (SPAD) and a precise time-to-digital converter. In the
indirect TOF measurement, the TOF is estimated by a mechanism of time-dependent photo charge
modulation. Sinusoidal or pulsed light modulations are used for phase or delay measurements by
demodulating it in the lock-in pixels. Lock-in pixels are realized with CCD-like devices implemented
based on CMOS technologies or device structures compatible with standard CMOS image sensor
technology or a little modification of it. Recent trend shows that pinned photodiodes based lock-in pixels
in standard CMOS technology are becoming popular. This article discusses the principle, operation and
performance of these TOF range imaging methods and devices and their performance limitations.

Key words: time of flight measurement, single photon avalanche diode, charge demodulation pixel,

lock-in pixel, CMOS image sensor
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